Central Laboratory of Biophysics, Bulgarian Academy of Sciences, kv. G. Milev, Bl. 6 , Sofia 13, Bulgaria The spectral characteristics of prodigiosin in the visual range and the changes occurring in them through different concentration of the substance, polarity of solvent, and temperature have been studied. The conclusion has been reached that these changes are due to the existence of two forms of the pigment: monomeric -with a maximum at 460 m/x, and dimeric -with a maximum at 530 m/u. It is assumed that in certain conditions there may exist a trimeric form of the pigment. Data are being adduced in support of that assumption.
The investigations on the spectral and chemical properties of prodigiosin, as well as their inter pretation 1-8, do not give a clear picture of the physicochemical changes that take place in the pig ment in various solvents. Some authors mention the existence of spectral changes on varing the concentration of prodigiosin, dissolved in ace tone 2' 6. These changes indicate that prodigiosin molecules may associate and dissociate, and render doubtful some interpretations of the changes in colour (in terms of oxidation and reduction, or of the existence of direct charge transfer in certain solvents 6) .
M aterials and Methods
The pigment was obtained from wild type Serratia Marcescens, supplied by the Control Bacteriological Institute in Sofia. It was cultivated on ordinary meat infusion agar, in darkness, at 28.5 cC, in the course of 72 hrs. The pigment was extracted immediately be fore the experiment after the H u b a r d and R i m i n g t o n method1. The dry pigment was weighed with preci sion of 10~5 g on semimicroscales "Sartorius", and depending on the experiment, was dissolved in acetone p.a., light-petroleum p.a., or chlorophorm p.a. In some cases the pigment w ras kept for up to 24 hrs in a re frigerator at t° 0° to 4 °C, and even so no deviations from the spectral characteristics of freshly isolated pigment were observed. The spectral analyses were carried out on a "Perkin-Elmer 450" spectrophotometer.
Results and Discussion
The prodigiosin spectra obtained have absorption maxima at 528 -530 mu (red form) and 4 6 0 mju The concentration of prodigiosin is: curve 1, 0.012 mg/ml; curve 2, 0.025 mg/ml; curve 3, 0.050 mg/ml; curve 4, 0.326 mg/ml; curve 5, 0.440 mg/ml. The optical path at curve 1 is 10 mm, at curves 2 and 3, 5 mm, and at curves 4 and 5, 1 mm. 
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and T. S t r e l k o v a , Biofisika 8 , 172 [1963] . on Figs. 1 and 2 it can be seen that the rise in pig ment concentration alters the relation between the two maxima. Such changes are characteristic of other pigments too 8-10. They are an indication that conditions exist for the association and dissociation of pigment molecules. Fig. 1 illustrates the increase in the maximum at 530 mw, observed on raising the concentration of the substance in acetone. The increase of this maxi mum and the corresponding decrease of the maxi mum at 4 6 0 mju is probably due to the transition of the monomeric form of prodigiosin into dimeric. At a concentration of 0 ,4 4 0 mg/ml the pigment exists only in the form of a dimer (curve 5 ) . At a concentration of 0.0 1 2 mg/ml the monomeric form predominates (curve 1 ). From the curves on Fig. 2 it becomes clear that in light petroleum the mono meric form of prodigiosin may exist in a higher concentration than in acetone.
It is well known that the addition of compounds with a high dielectric constant -water, glycerinto the solution 8' n ' 12 and the changes in temperature influence the degree of association.
The absorption spectra of prodigiosin with regard to the relation of the solvents acetone and water are shown on Fig. 3 . The concentration of the pigment is constant -0 .004 mg/ml. On raising the percent age of water prodigiosin turns into a dimer. The 
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isobestic point is observed at 4 9 0 m//. Its presence indicates that at this stage of association the new maximum is due to the dimeric form of the pig ment 14. It is parallelly observed that the presence of water in the composition of the solvent (curves 2, 3, 4, 5, 6) shifts the absorption maxima of the two forms to a wavelength, longer by some 5 mju.
The existence of a batochromic shift, following a change in the polarity of the solvent, is an argument in favour of the assumption that absorption maxima are due to n-n* electron transitions in the molecule of the pigm ent13. The dependance of the spectra of prodigiosin in acetone solution on temperature has also been stud ied (Fig. 4 ) . An appropriate concentration of the substance was chosen, at which the absorption of the two forms is almost equal. Any rise of tempera ture leads to a decrease of the dimeric maximum In considering the association of prodigiosin molecules F o r s t e r ' s qualitative interpretation 15 of absorption maxima cannot be applied, since the maximum of the dimer lies in the longer-wave range of the spectrum than that of the monomer.
An adequate explanation of this fact is given by the quantum-mechanical calculations of dimers, based on the theory of molecular crystals. They imply that only excited levels are split into two compo nents. The possible transitions between these two states and the basic state are determined by the geometric position of the molecule plane against the axis of increase of dimer or polym er16-18. If the molecules lie in the same plane and are linked in such a way that the monomer units form an angle of 0° with the axis of dimeric increase, then its spectrum consists of a single maximum in the longer-wave range with regard to the monomer.
In the transition of the monomer to a dimer there is a widening of the maximum at 4 6 0 m/<, when the concentrations of the two forms become comparable (Fig. 3, curves 3, 4 ) . It might be as sumed that this is due to the appearance of a new maximum of about 4 9 0 mu which is better observed at a higher concentration of the dimeric form (Fig. 1, curves 2, 3 ) . A possible explanation of the 490 mju maximum is the transition of a part of the dimer to an associate of higher degree. The fact that the new maximum increases only in the pres ence of both forms -monomeric and dimericin the solution leads us to believe that the new form is a trimer. The absorption spectra indicate that the maximum of the trimer is placed in the shorter wavelengths with regard to the dimer. The deviation of the isobestic point of curve 6 (Fig. 3) is a further proof of the formation of a higher degree of association of the pigment on raising its concen tration in the solution.
A higher degree of association, occuring with such a rise of concentration, is not effected in all probability, since no further change is observed in the structure of the absorption spectrum of dry pigment, having a maximum at 5 3 0 mju and a shoul der at 5 0 0 m//, which characterize the dimeric and trimeric form of the pigment.
On the basis of these investigations it can be assumed that the changes in colour, observed with prodigiosin, are due to association and dissociation of its molecules.
